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http://dx.doi.org/10.1016/j.kjms.201
1607-551X/Copyright ª 2014, KaohsiuAbstract This study aims to describe the clinical results of isolated talonavicular arthrodesis
in rare Mu¨ller-Weiss disease, spontaneous osteonecrosis of the navicular in adults. From June
2001 to April 2010, we performed isolated talonavicular arthrodesis on 13 feet of 13 patients
(mean age: 55.6 years) with Mu¨ller-Weiss disease. The feet were staged by the preoperative
radiographs according to the Maceira classification. The average modified American Orthopae-
dic Foot and Ankle Society (AOFAS) ankle-hindfoot score improved from 48.5 points preopera-
tively to 87.2 points at final follow-up (mean 51 months, range 10e114 months). Union was
achieved in 10 cases (76.9%). If the subtalar and calcaneocuboid joints are relatively healthy,
isolated talonavicular arthrodesis may be an effective and reliable surgical option for treat-
ment of Mu¨ller-Weiss disease that is resistant to conservative treatment.
Copyright ª 2014, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.Introduction
Mu¨ller-Weiss disease (MWD) is a rare pathological entity of
unclear etiology that demonstrates collapse of the lateralclare no conflicts of interest.
nt of Orthopaedic Surgery,
spital, Kaohsiung Medical
Road, Sang-Ming District,
t.net (P.-J. Huang).
4.05.001
ng Medical University. Published bpart of the navicular, plantar deviation of the talar head
resulting in hindfoot varus with flatfoot deformity, and
perinavicular osteoarthritis [1e9]. Radiography is typically
characteristic of abnormalities of the navicular bone
(decreased size, a comma-shaped configuration, increased
radiodensity, fragmentation, and medial or medial and
dorsal osseous protrusion) [2,4]. Conservative treatment
with insoles is effective in most patients. However, if con-
servative treatment fails to relieve symptoms, surgical
intervention is considered. There is no gold standard sur-
gical technique. Various surgical options have been
described, including simple excision of the dorsolateraly Elsevier Taiwan LLC. All rights reserved.
Figure 1. Isolated talonavicular arthrodesis with two staples.
472 C.-K. Lu et al.fragment of the navicular with bone graft [9], percutaneous
drilling decompression [4], talonavicular-cuneiform
arthrodesis [1], double fusion or triple arthrodesis [5],
and talonavicular arthrodesis [9], which was the only case
presented by Reade s. [7] with good outcome. The purpose
of this study is to report our results of 13 consecutive MWD
treated with isolated talonavicular arthrodesis.Figure 2. Isolated talonavicular arthrodesis with twoMaterials and methods
We reviewed the records from June 2001 to April 2010 of
Kaohsiung Medical University Hospital, Kaohsiung, Taiwan.
Nineteen feet in 13 patients (2 men and 11 women) with
MWD were identified. The demographic characteristics
were as follows. The mean age of the patients at the time6.5 mm retrograde conventional cancellous screws.
Figure 3. Isolated talonavicular arthrodesis with two 4.3 mm
headless, double-threaded screws.
Mu¨ller-Weiss disease 473of surgery was 55.6 years (range, 29e79 years). None of
them had trauma history, rheumatoid arthritis, renal fail-
ure, or lupus erythematosus. The patients were treated
conservatively with insoles and physiotherapy for at least 6
months. Isolated talonavicular arthrodesis was performed
on 13 feet in 13 patients for whom conservative treatment
failed to relieve symptoms. None of these patients showed
obvious arthritic change in the calcaneocuboid or subtalar
joint.
We staged the MWD preoperatively on the lateral
weight-bearing radiograph and the orientation of the
Meary-Tomeno angle (intersection of the talar and first
metatarsal axes) according to Maceira and Rochera [6]. In
Stage 1, radiographs are normal with no or minimal change.
Stages 2e4 present separately as dorsal, neutral, or plantar
angulation of Meary-Tomeno line. Stage 5 is defined by the
existence of a talocuneiform joint with complete extrusion
of the navicular.
All patients underwent surgical intervention by the two
senior authors (P.J.H. and Y.M.C.) except for one patient
who was treated by another senior doctor in our hospital.
Under general anesthesia, the patients were positioned
supine and a thigh tourniquet was applied. The earlier
isolated talonavicular arthrodesis performed was through a
medial approach. The others were performed via a dorsal
longitudinal incision. The talonavicular joint was identified
and dorsolateral protruding necrotic navicular bone was
excised. All residual cartilage was removed from the joint
and the subchondral bone was roughened to expose the
underlying cancellous bone. Fixation was achieved by two
staples (Fig. 1), conventional cancellous screw (Fig. 2), or
two 4.3-mm, headless, double-threaded screws (Charlotte
Multiple-Use Compression Screw, Wright Medical; Fig. 3). A
short leg cast was applied postoperatively for 8 weeks.
Gradual protected weight bearing was allowed from the 9th
week. The clinical outcomes were evaluated with the
modified ankle-hindfoot scale of the American Orthopaedic
Foot and Ankle Society (AOFAS) pre- and postoperatively.Figure 4. Radiograph showing nonunited talonavicular joint
after isolated talonavicular arthrodesis and mild osteoarthritic
change occurring in the calcaneocuboid joints. After secondary
surgery comprising double fusion with staples, clinical outcome
improved substantially. Although staple breakage was found,
the talonavicular and calcaneocuboid joints achieved union.Results
Two of the 13 operated MWD feet (15.4%) were Stage 3, and
11 (84.6%) were Stage 4 according to Maceira criteria. The
period of follow-up ranged from 10 months to 114 months
with an average of 51 months. Solid union was noted in 10
of 13 feet (76.9%). One patient (No. 13) was found to have
nonunion of the fusion site, but she was asymptomatic.
Another nonunited joint (in patient No. 12) underwent a
secondary surgical procedure of double fusion (talona-
vicular and calcaneocuboid arthrodesis) (Fig. 4). One pa-
tient (No. 1) underwent a secondary surgical procedure to
remove dorsolateral navicular fragment that was left in situ
through an initial original medial approach (Fig. 5). During
the surgical procedure, we found that the plantar-medial
aspect of the talonavicular joint was united with good
stability. Two patients underwent implant removal after
solid bone union because of hardware prominence. Adja-
cent radiographic osteoarthritic change was noted in eight
patients (61.5%) postoperatively. Seven occurred in the
calcaneocuboid joint and four of them simultaneously
occurred in the subtalar joint. One occurred in the
Figure 5. Radiograph of lateral weight-bearing view showing a comma-shaped configuration of remaining protruding navicular
fragment.
474 C.-K. Lu et al.cuneiform-navicular joint. Although these changes were
noted radiographically, they neither correlated with pain
nor affected clinical outcome except in one patient (No.
12). The data of all patients are listed in Table 1.
The AOFAS ankle-hindfoot score improved from 48.5
preoperatively to 87.2 postoperatively (p <5/31/
2014so0.0001; Tables 2 and 3). Only one of the 13 patients
(7.7%) complained of unsatisfactory outcome after isolated
talonavicular arthrodesis. Neither wound infection nor
incisional neuroma was noted postoperatively.Discussion
Mu¨ller-Weiss disease specially refers to spontaneous
osteonecrosis of the navicular in adults, is usually bilat-
eral, and occurs more often in women with a ratio of 6:4
[2,4]. This rare pathological entity should be differenti-
ated from secondary osteonecrosis of the navicular in
association with rheumatoid arthritis, renal failure, lupus
erythematosus, and trauma. Kohler disease, osteochon-
dritis of the same bone in children, usually unilateral and
significant male predominance, is also a distinct entity
from MWD [2,4,7,9]. Chronic midfoot pain, which isTable 1 Demographic description of the patients.
Patient Sex Age Stage Isolated talonavicular
fusion
Unio
1 M 29 IV Staples Nonun
2 F 52 IV Cannulated screws Union
3 M 62 IV Cannulated screws Union
4 F 66 IV Cannulated screws Union
5 F 72 IV Cannulated screws Union
6 F 47 IV Cannulated screws Union
7 F 41 IV Cannulated screws Union
8 F 66 IV Cannulated screws Union
9 F 46 III Double threaded screws Union
10 F 44 IV Double threaded screws Union
11 F 59 IV Double threaded screws Union
12 F 60 III Cannulated screws Nonun
13 F 79 IV Cannulated screws Nouniolocalized to the dorsomedial aspect of the tarsus, is
typically the main complaint associated with MWD and
may be tolerated for years [1,9].
Regarding the biomechanical aspect, Hetsroni et al. [3]
mentioned that MWD was characterized by increased
plantar pressures at the midfoot, combined with a reduc-
tion in toe pressure. This pressure distribution abnormality
may at least partially explain patient pain and discomfort.
Maceira and Rochera [6] also noticed that the decreased
pressure of the forefoot could lead to a low incidence of
hallux valgus. This interesting phenomenon was also
demonstrated in our patient with unilateral involvement.
This patient underwent modified Mitchell osteotomy for his
right foot which was not involved by MWD. This foot was
associated with bunion pain after failed conservative
treatment (Fig. 6). The vascular supply of the navicular is
tenuous. The dorsal and volar parts of the bone are sepa-
rately supplied by the branches of the dorsalis pedis and
medial plantar artery. Thus, the central middle third of the
navicular is at risk of osteonecrosis in the presence of
obstructed peripheral blood flow [4,8,9]. The osteonecrosis
of the navicular and perinavicular joint osteoarthritis
progress under the aforementioned increasing plantar
pressure of the midfoot. Therefore, providing stability withn Follow-up
(mo)
Adjacent
joints
degeneration
Others
ion 114 Yes Revision surgery of simple
excision of fragment
100 Yes
40 No
40 Yes
37 No
24 No
17 Yes Remove implant
16 Yes Remove implant
11 Yes
11 No
10 Yes
ion 10 Yes Revision surgery of double
fusion
n 10 No Asymtomatic nonunion
Table 2 AOFAS hindfoot and ankle scores of the patients who had undergone isolated talonavicular arthrodesis.
Patients Pain score Function score Alignment score Overall score
Preop Postop Preop Postop Preop Postop Preop Postop
1 0 40 37 44 5 5 42 89
2 0 40 36 43 10 10 46 93
3 20 40 30 39 5 10 55 89
4 0 40 30 44 5 10 35 94
5 20 40 20 44 5 10 45 94
6 20 40 34 43 10 10 64 93
7 20 40 38 44 5 10 63 94
8 20 40 22 38 5 5 47 83
9 0 30 25 41 10 10 35 81
10 0 30 38 43 5 10 43 83
11 20 40 39 44 5 10 64 94
12 20 20 22 38 5 5 47 63
13 0 30 39 44 5 10 44 84
Mu¨ller-Weiss disease 475the navicular by fusion decreases the midfoot pressure and
halts the progression of the deformity.
Failed conservative treatment for MWD will require
surgical intervention. Various surgical options have been
reported, including simple excision of the dorsolateral
fragment of navicular with bone graft [9], percutaneous
drilling decompression [4], talonavicular-cuneiform
arthrodesis [1], triple arthrodesis [5], or talonavicular
arthrodesis [7]. Although there is no gold standard surgical
technique for MWD, the goal of most techniques is correc-
tion of the deformity and alleviation of pain. In 2004,
Maceira and Rochera [6] reported the objective evaluation
of staging for this rare disease according to the Meary-
Tomeno angle. Therefore, we reviewed the English litera-
ture concerning surgical treatment for MWD. The treatment
and disease staging are shown in Table 4. For stage 1 or
stage 2 MWD with symptoms, simple excision or drilling
decompression is enough. For moderate stage MWD (Stage 3
or Stage 4), isolated talonavicular arthrodesis is reliable.
Regarding more advanced MWD (Stage 5) with marked
deformity and adjacent joints arthritic change, selective
talonavicular fusion is not appropriate. In this stage, the
surgical treatment should be triple arthrodesis,
talonavicular-cuneiform arthrodesis, or double fusion. In
addition to more joints needed for fusion, abundant bone
grafting with implant fixation [8] should also be considered
for treatment of this advanced MWD. This surgical principle
also applies to salvage treatment after failed less invasive
surgery. One of our patients (No. 12) received secondary
operation (double fusion) to salvage of a failed previous
isolated talonavicular fusion attempt.Table 3 Comparison of preoperative to postoperative
AOFAS hindfoot and ankle score (N Z 13).
Variable Preoperative
mean
Postoperative
mean
p*
AOFAS score 48.5 (35e64) 87.2 (63e94) <0.0001
AOFAS Z American Orthopaedic Foot and Ankle Society.
* Wilcoxon signed ranked test.Lui [5] showed significant incidence of calcaneocuboid
degeneration (83.3%) that could not be detected by pre-
operative radiographs and relatively low incidence of sub-
talar joint degenerative osteoarthritic change (16.7%) in his
arthroscopic findings. Coughlin et al. [10] also recom-
mended adding a calcaneocuboid arthrodesis instead of an
isolated talonavicular arthrodesis because of potential pain
in this joint. Based on our results, we do not recommend
routine double fusion for MWD unless prominent arthritic
changes and pain are noted at the calcaneocuboid joint.Figure 6. Unilateral involvement of Mu¨ller-Weiss disease
(MWD) in our patient (No. 10). The non-MWD foot demon-
strated hallux valgus and clinical bunion pain.
Table 4 Different surgical options for Mu¨ller-Weiss disease in the English literature.
Authors Case number Stagea Treatment Results
Reade et al. (1998) [7] 1 III Isolated talonavicular arthrodesis Union, pain-free
Fernandez et al. (2004) [1] Talonavicular-cuneiform arthrodesis
with iliac autograft
Effective
Lui et al. (2009) [5] 6 2: IV
4: V
Triple arthrodesis with arthroscope Union, pain-free, 1 (1/6) patient
received a secondary operation
of calcaneal dome osteotomy
Janositz et al. (2011) [4] 1 I Percutaneous drilling Pain-free
Tan et al. (2011) [8] 1 IV Remodeled femoral head allograft
with AO plate
Union, pain-free
Tosun et al. (2011) [9] 1 II Remove necrotic bone, iliac autograft Union, pain-free
Current study 13 2: III
11: IV
Isolated talonavicular arthrodesis 10/13 (76.9%) union, 2/13 (15.4%)
patients received a secondary
operationb
a Depending on the lateral weight-bearing radiography and the orientation of Meary-Tomeno’s angle (intersection of the talar and first
metatarsal axes) according to Mareira.
b See Table 1, patients 1 and 12.
476 C.-K. Lu et al.As a general rule, of the joints around the foot and ankle,
the talonavicular probably has the highest incidence of
nonunion [10]. Its curved surfaces make adequate exposure
difficult, and preparation of the joints surfaces may be
inadequate. Even when the bone surfaces have been
adequately prepared, nonunion can occur if internal fixation
is inadequate. The vascularity of the bone also plays an
important role in the development of nonunion. In the cur-
rent study, we prefer a dorsal-to-medial approach in
consideration of good preparation of joints. Leibovic and
Strickland [11] compared the use of the Herbert screw,
which is double threaded and allows final rotatory adjust-
ment of the arthrodesis prior to tightening the last few turns,
with other conventional fixation methods in the arthrodesis
of the proximal interphalangeal joint. This study showed
that the Herbert screw provides a significantly higher rate of
union than other fixation methods. In our study, no nonunion
was found in this double-threaded, headless screw group
despite very limited cases. Additionally, we inserted two
double-threaded screws for talonavicular fusion to avoid
rotatory instability. The headless design could alleviate the
hardware prominence of conventional cannulated screws. In
this way, it seemed to provide a secure and reliable fixation
method for isolated talonavicular arthrodesis. The talona-
vicular joint is a keystone around the joints of the foot.
Although arthrodesis of the talonavicular joint involves only
a single joint, biomechanically it results in almost complete
loss of motion in the subtalar and transverse tarsal joints
with ankylosis change [10]. Thus, the positioning of an iso-
lated talonavicular arthrodesis is important and should be
performed by experienced surgeons. The union rate is 76.9%
in our study, which is comparable to reported series that
range from 63% to 97% [12]. Although arthritic changes in
adjacent joints were noted in eight of 13 feet (61.5%), these
were of little clinical significance and did not cause deteri-
oration of the results.
The main limitation of the current study is the small
number of cases. In general, the incidence of MWD is low
and a large patient sample is difficult to obtain. Based onour study, if the subtalar and calcaneocuboid joints are
relatively healthy, isolated talonavicular arthrodesis may
be an effective and reliable surgical option for treatment of
MWD.
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